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BEHAVIOR OF AN EXHAUST GAS TURBINE IN STEADY FLOW 

Takashi Yano 

ABSTRACT 

In contrast to steam turbines and gas 

exhaust gas turbine operates not under coni 
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turbines, the 

itions of 

- /29* 

steady flow, but under conditions of pulsating flow. 

With experiments, the author was able to show that it 

is possible to use the characteristic curves for continuous 

flow as boundary conditions for the operational behavior 

of the exhaust gas turbine. (MTB, January 1964, "Per- 

formance of Exhaust Gas Turbocharger Under Pulsating 

Flow". Excerpts in MTZ, 1964, Issue No. 9,  pp. 3 6 4 . )  

In the present report, various problems under conditions 

of continuous flow are treated that are of importance 

for the exhaust gas turbine. 

1. Profile Loss 

Due to the pulsating load, the relative entrance velocity and the 

entrance angle change very strongly over one revolution of the motor, .- in 

the case of the exhaust gas turbine. For this reason, strong separation 

would occur at the entrance edge of a blade which has a small radius. 

-_ 

/- 

~~ ~~ 

* Note: Numbers in the margin indicate pagination in the original 
foreign text. 
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After extensive experiments in the wind tunnel, the M. F. profile (Mit- 

subishi wing) was developed especially for exhaust gas turbines. It has 

an entrance edge that is strongly rounded off and is, therefore, to a 

high degree insensitive against changes of the entrance angle. In an 

experiment we were able to determine that the pressure loss in the 

M. F. profile is considerably smaller than in an older blade profile used 

- -------____ _-- , 

for steam turbines. The smaller pressure loss can be attributed to the 

gradual velocity change at the blade exit (Figure 1). 

Because the exit angle from the blade influences the turbine 

efficiency, it is very important to determine it exactly. One of the 

methods of determining it, the "opening by pitch theor$' was evaluated 

by the author and was substantiated by experimental results. The 

differences between the results calculated by the theory and those ob- 

tained experimentally were smaller than 0.5 degrees. 

2.  The Secondary Flow Loss 

The loss is strongly influenced by the side ratio of the blade. This 

is defined as the blade heighth to its length, SV = H/R. 

From the pressure measurements it can be seen, that in the vicinity 

of the blade limit, a strong vortex is created, which does not influence 

the flow through the central blade region for large side ratios (HIE >2) .  

This influence is very noticeable for a H/R < 1. This fact influences 

the pressure loss, which is composed of profile loss and secondary flow 

loss. 

the increase for a side ratio 

The total pressure loss increases with decreasing side ratio, and 

< 1 is larger than for H/R > 1. 

In contrast to the blade in motion, no vortex can be seen in the 
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Gozzle. According to the secondary flow theory, the pressure loss in 

the nozzle would be small compared to that across the blade in motion. 

However, the experiment in the wind tunnel shows that the loss due to 

secondary flow in the nozzle is only slightly lower than that of the 

blade. 

Figure 1 
Pressure Distribution Accross Blade Profiles. 
Left: older profile; Right: M. F. Profile 

3.  Results With the Air Turbine 

In addition to the fundamental investigations of blades and nozzles 

in the grid wind tunnel, we also investigated a turbine driven with com- 

pressed air, which was coupled to a 25-horsepower dynamoter. 

apparatus, all operational states of a non-continuously loaded exhaust 

gas turbine (i.e., variable flow rate from GIrnax to G' = 0) were 

investigated for constant speed of revolution. We recorded performance, 

pressure ratio and efficiency. 

With this 

(Figure 2). 

From the point at which the flow rate is largest to a certain smaller 

value, the turbine performance and qT are positive. If the flow rate 

is decreased further, it is necessary, in order to keep the speed 

tion constant, to use power to drive the turbine, eveIz though the 

of revolu- 

pres sure 
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' peripheral ve la i ty  

weight flow G kg/s 

Figure 2 

i n  t h e  Shape of t h e  M. F. P r o f i l e .  
Experimental Results fo r  t h e  Air Turbine with Blades 

r a t i o  i s  l a r g e r  than 1. In t h i s  region t h e  apparatus works ne i the r  as a 

tu rb ine  nor as a charger. The pressure r a t i o  becomes smaller than 1 only 

when t h e  G' decreases fu r the r .  The wheel then acts as a charger 

u n t i l  t h e  flow rate 0 is a t ta ined .  

The exhaust gas tu rb ine  operating with a pulsa t ing  load can work i n  

any region. It is des i r ab le  t o  have a good "load r a t i o "  of t h e  turb ine  

wheel, because due t o  t h e  mass i n e r t i a  of t h e  movable p a r t ,  t h e  exhaust 

gas i s  drawn off during t h e  flushing. This accelerates t h e  f lush ing  

process. 

Due t o  t h e  i n s e n s i t i v i t y  t o  changes of t h e  entrance angle,  t h e  

M. F. p r o f i l e  described i n  Section 1 guarantees good charger performance. 
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Further experiments w e r e  car r ied  out  t o  inves t iga t e  t h e  tu rb ine  

e f f i c i ency  f o r  d i f f e r e n t  speeds of revolution and t o  p a r t i t i o n  t h e  lo s ses .  

I n  add i t ion  t o  t h e  f u l l y  loaded turbine,  such as is  t h e  case f o r  numbers 

of cy l inders  t h a t  are d i v i s i b l e  by three ,  w e  a l s o  inves t iga ted  t h e  tu rb ine  /30 

which w a s  p a r t i a l l y  loaded. The p a r t i a l  loading w a s  obtained with two 

gas intakes, t h e  sur faces  of which were changed. I n  t h e  case where one 

entrance w a s  completely closed and the  flow rate i n  t h e  o ther  entrance 

w a s  va r i ed ,  w e  obtained a performance maximum t h a t  w a s  1 7  percent lower 

than f o r  t h e  t o t a l l y  loaded turbine.  

4. Behavior for  High Ve loc i t i e s  

As t he  motor performances a r e  increased, t h e  pressure i n  f r o n t  of 

t h e  exhaust gas turb ine  increases  a lsqas  w e l l  as the  ve loc i ty  of t h e  gas 

flowing through t h e  blade. 

photographed f o r  t h e  Mach numbers from 0.6 t o  1.1, using t h e  in te r fe rometer  

method and t h e  Schlieren methods. The r e s u l t s  w e r e  evaluated. 

The flow states i n  nozzles and blades w e r e  

W e  found t h a t  t h e  lowest pressure and, therefore ,  t h e  h ighes t  

v e l o c i t y  does not appear a t  t h e  smallest c ros s  sec t ion  of t h e  nozzle, but 

f u r t h e r  downstream, some d i s t ance  away. Due t o  t h i s  phenomenoqthe a c t u a l  

volume flow rate i s  smaller than the  ca lcu la ted  one. 

experiments, t h e  d i f f e rence  between the  ca lcu la ted  amount and t h e  measured 

amount w a s  6 percent. 

I n  t h e  present 

I f  t h e  Mach number approaches the va lue  1, a shock wave appears a t  t h e  

The e x i t  angle becomes l a r g e r  and the  boundary l a y e r  begins nozzle e x i t .  

t o  separa te  from the  nozzle (Figure 3).  The lo s ses  increase  s t rongly  

beginning with M = 0.7 and reach a maximum f o r  M = 1. I f  t h e  Mach 
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number is increased fu r the r ,  the  t o t a l  l o s s  ca lcu la ted  from the  pressure 

d i s t r i b u t i o n ,  as w e l l  as the  e x i t  angle $2 , decrease again. 

The appearance of t h e  shock wave, t h e  frequency of which should 

l i e  between 1,000 and 3,000 cyc les ,  induces t h e  blade t o  ca r ry  out 

o s c i l l a t i o n s  

t o  resonance and t o  f a i l u r e s .  

wave is  discussed i n  d e t a i l .  

due t o  t h e  pressure change which is  caused, which leads  

In t h e  r epor t ,  t h e  formation of t h e  shock 

Figure 3 

Flow Conditions i n  t h e  Nozzle. Theore t ica l  Mach Number 

interferometer method and t h e  Schlieren method.) 
a t  t h e  E x i t  M'2 = 1.0. (Obtained according t o  t h e  

I n  Appendix 1, two methods for  t h e  evaluation of experiments i n  t h e  

g r i d  wind tunnel are discussed. 

Appendix 2 contains d e t a i l s  on experiments with high v e l o c i t i e s .  The 

o p t i c a l  apparatus i s  described, which w a s  used f o r  t h e  photographs with 

t h e  interferometer method and t h e  Schlieren method. The i n t e r e s t i n g  va lues  

w e r e  ca lcu la ted  from t h e  photographs obtained using t h e  equations given. [8305] 
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